Introduction {#Sec1}
============

Patients with diabetes are at two- to fourfold increased risk of cardiovascular disease (CVD), which cannot be fully explained by traditional risk factors \[[@CR1], [@CR2]\]. Vascular calcification was long seen as a passive process of calcium deposition; however, recent evidence indicates it is an active process influenced by several stimulating and inhibiting factors \[[@CR3]\]. Vascular calcification is a process with many similar mechanisms to bone formation, like the mineralization of vascular smooth muscle cells (VSMC) \[[@CR4]\]. VSMC differentiate to osteoblast-like cells, due to exposure to a variety of stresses \[[@CR5]\]. Expression of multiple bone markers has indeed been found in atherosclerotic plaques \[[@CR6]\]. Moreover, hyperglycemia may induce VSMC proliferation, as well as the expression of some bone markers \[[@CR7], [@CR8]\].

Osteocalcin, osteopontin, and osteonectin have been suggested to inhibit mineralization of the VSMC by blocking hydroxyapatite formation \[[@CR3]\]. Studies investigating the association between osteocalcin and CVD risk showed inconsistent results \[[@CR9]--[@CR11]\]. Osteopontin and osteonectin have been found in calcified vessels \[[@CR6], [@CR12], [@CR13]\] and one study showed that osteocalcin and osteonectin may predict cardiovascular disease \[[@CR14]\]. Several studies also showed that osteopontin may be a predictor of CVD risk in patients with type 2 diabetes \[[@CR14]--[@CR16]\]. However, prospective etiological evidence investigating the association between these bone markers and CVD events is lacking.

Osteoprotegerin, alkaline phosphatase, and sclerostin are suggested to play a role in CVD risk. Osteoprotegerin may inhibit osteoclast differentiation in bone and vascular tissue, and may therefore be considered as a protective factor for vascular calcification and CVD risk \[[@CR3]\]. Alkaline phosphatase is suggested to cause an impaired vascular homeostasis and increase bone metabolism \[[@CR17]\]. Subsequently, a recent meta-analysis showed that higher levels of alkaline phosphatase were associated with increased CVD risk \[[@CR17]\]. Finally, sclerostin is a potent inhibitor of bone formation, but the available evidence with CVD risk is limited and inconclusive and mainly studied in patients with an impaired kidney function \[[@CR18]--[@CR22]\], since sclerostin levels increase with the progression of kidney function \[[@CR23]\].

Presently, etiological studies investigating the association of these different bone markers and CVD incidence are far from conclusive and mainly studied in the general population or patients with chronic kidney disease. Furthermore, most bone markers are not studied prospectively, and none of the bone markers have been studied in patients with type 2 diabetes. Therefore, this study aims to evaluate whether six bone markers (osteocalcin, osteopontin, osteonectin, osteoprotegerin, alkaline phosphatase, sclerostin) are associated with CVD risk in patients with type 2 diabetes.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

The EPIC-NL cohort is the Dutch contribution to the European Prospective Investigation into Cancer and Nutrition (EPIC) and consists of the Prospect-EPIC and MORGEN-EPIC cohorts \[[@CR24]\]. In brief, the Prospect-EPIC study includes 17,357 women 49--70 years of age living in Utrecht and vicinity who participated in the nationwide Dutch breast cancer screening program. The MORGEN-EPIC cohort consists of 22,654 men and women 21--64 years of age selected from random samples of the Dutch population in three different towns. Participants were recruited in both studies from 1993 to 1997. Three sources of ascertainment of diabetes were used: self-report, hospital discharge diagnoses, and urinary strip test (in the Prospect part of the cohort only). Ascertained cases of diabetes were verified against medical and pharmacy records. Details of the ascertainment sources and verification procedures have previously been described \[[@CR25]\].

Case-cohort sampling was performed to reduce costs and preserve valuable biological material. The case-cohort design is a method in which a random sample of the cohort at baseline, the subcohort, is used as control group for all cases that occur in the cohort \[[@CR26]\]. From the 40,011 EPIC-NL participants, 526 participants were diagnosed with verified type 2 diabetes at baseline. During follow-up, 172 of the 526 participants with type 2 diabetes had a CVD event, of which 134 had blood samples available at baseline. These 134 participants were included as cases in our analyses. Additionally, a random sample of 218 participants from the diabetes participants was selected to serve as a subcohort in the case-cohort design. Because of the random sampling, this subcohort included 65 CVD cases (Additional file [1](#MOESM1){ref-type="media"}: Figure S1).

Ethics, consent and permissions {#Sec4}
-------------------------------

All participants provided written informed consent before study inclusion. The study complies with the Declaration of Helsinki and was approved by the institutional board of the University Medical Center Utrecht (Prospect) and the Medical Ethical Committee of The Netherlands Organization for Applied Scientific Research Nutrition and Food Research (MORGEN).

Bone markers {#Sec5}
------------

At baseline, we measured six different bone markers in plasma samples. All bone markers were measured using the human bone marker panel II multiplex assay (Meso Scale Discovery, Rockville MD, USA). Details of this multiplex assay, minimal detection limits and inter- and intra assay coefficients, are described in Additional file [1](#MOESM1){ref-type="media"}: Table S1.

Clinical endpoints {#Sec6}
------------------

Follow-up data on cardiovascular events were obtained from the Dutch Centre for Health Care Information, which holds a standardized computerized register of hospital discharge diagnoses. Follow-up was complete until the first of January 2008. Information on vital status was obtained through linkage with the municipal registries. Causes of death were collected from Statistics Netherlands, and coded according to the ICD-9 and ICD-10. Primary outcome for the present analysis was cardiovascular events (fatal and non-fatal), including coronary heart disease (CHD), congestive heart failure (CHF), peripheral arterial disease (PAD) and stroke. These clinical endpoints included both fatal and non-fatal CVD events. If a participant developed multiple cardiovascular events, the first event was taken into account in the analyses of total cardiovascular events. Since the mechanism behind the association between bone markers and CVD was mainly based on vascular calcification, CHD was analyzed separately. Due to limited statistical power, fatal events were analyzed separately only for total cardiovascular events.

Other measurements {#Sec7}
------------------

At baseline, participants completed general questionnaires about demographic and lifestyle characteristics and risk factors for chronic diseases. Smoking status was categorized as current, past, or never smoking. Physical activity was measured with the validated Cambridge Physical Activity Index, and was categorized as inactive, moderately inactive, moderately active and active \[[@CR27]\].

Height and weight were measured by trained staff, and body mass index (BMI) was calculated as weight in kilograms divided by squared height in meters. Time since diabetes diagnosis was calculated by subtracting the age of diagnosis from the age at baseline examination and the estimated glomerular filtration rate (eGFR) was calculated based on creatinine with the CKD-EPI formula \[[@CR28]\]. HbA1c was measured in erythrocytes using an immunoturbidimetric latex test. All measurements were performed according to standard operating procedures.

Statistical analyses {#Sec8}
--------------------

Baseline characteristics were summarized as mean ± SD or median (IQR) as appropriate for continuous variables. In order to understand the possible confounding factors of the different bone markers, baseline characteristics were summarized in quartiles of the different bone markers. Furthermore, the correlation between the different bone markers was tested using the Spearman's rank correlation coefficients. Since only for six persons data on eGFR was missing, we imputed these values using single imputation.

Cox proportional hazards models were used to estimate hazard ratio's (HR) for each individual bone marker and cardiovascular events. Standard errors were calculated using the Prentice weighting method to account for the case-cohort design \[[@CR29]\]. All subcohort members, both cases and non-cases, are weighted equally. Cases outside the subcohort are not weighted before the event. At the time of event, cases have the same weight as the subcohort members, and only then contribute to the risk set. We adjusted for risk factors of chronic diseases in three separate models. Age was the underlying time scale, with entry time defined as the participant's age at recruitment and exit time as age at first fatal or non-fatal CVD event or censoring (whichever came first). The first model was adjusted for sex. The second model was additionally adjusted for risk factors for chronic diseases; BMI, smoking status (never/former/current), prevalent CVD, high sensitive C-reactive protein (hs-CRP), total- and HDL cholesterol. The third model was additionally adjusted for factors indicating the severity of diabetes; the age at onset of diabetes, HbA1c levels and eGFR. Analyses were performed in in quartiles and continuously, per 5 or 10 ng/ml, dependent on the scale of the bone markers. P-values for linear trends were calculated over the tertiles by entering the median value of each tertile as a linear covariate in the model.

Osteocalcin, osteopontin and osteonectin are all involved in blocking hydroxyapatite formation \[[@CR3]\], and may complement each other. Therefore, a risk score was created; osteocalcin, osteopontin, and osteonectin were log transformed, a z-score was calculated for these individual bone markers and these values were summed up. A log-transformed score was used since the bone markers were not normally distributed.

Effect modification by sex was checked for all bone markers by including interaction terms in the model. In case of an interaction term with a P-value below 0.10, the analyses were stratified. In sensitivity analyses, we excluded the participants with prior CVD. Furthermore, CVD mortality and CHD incidence were analyzed separately. Because of a smaller sample in the sensitivity analyses, we analyzed these associations only continuously (per 5 or 10 ng/ml). All statistical analyses were performed using R 3.1.1 for Windows and a two-tailed P-value \< 0.05 was considered statistically significant.

Results {#Sec9}
=======

Baseline characteristics of the study population are shown in Table [1](#Tab1){ref-type="table"}. In this study population, 82% were women, had an average age of 58 years, mean body mass index of 29.4 kg/m^2^ and a median duration of diagnosed diabetes of 5.3 years. Baseline characteristics of the subcohort according to the quartiles of the bone markers are shown in Additional file [1](#MOESM1){ref-type="media"}: Table S2. Osteocalcin and osteopontin levels were correlated (r = 0.58), and osteoprotegerin and osteopontin levels were moderately correlated (r = 0.28). The other bone markers were not correlated.Table 1Baseline characteristics for participants of the subcohort and casesSubcohort (n = 218)^a^Cases (n = 134)Age (years)57.9 ± 6.758.6 ± 6.9Women, n (%)178 (82)107 (80)Diabetes duration (years)5.3 (2.3--10.2)6.3 (2.6--12.3)History of CVD, n (%)30 (14)40 (30)Current smoker, n (%)49 (22)42 (31)BMI (kg/m^2^)29.4 ± 4.930.3 ± 4.9Systolic blood pressure (mmHg)141.7 ± 20.8145.6 ± 23.3Total cholesterol (mmol/l)5.2 ± 1.25.4 ± 1.1HDL cholesterol (mmol/l)1.0 ± 0.31.0 ± 0.3HbA1c (%)8.1 ± 1.78.2 ± 1.7eGFR (ml/min/1.73 m^2^)107.3 ± 24.1109.1 ± 19.4Hs-CRP (µg/mmol)3.3 (1.8--6.5)3.9 (2.5--6.6)Osteocalcin (ng/ml)22.6 (17.1--29.2)21.7 (17.2--28.7)Osteopontin (ng/ml)12.8 (10.1--16.1)13.5 (11.1--17.4)Osteonectin (ng/ml)114.6 (90.0--154.8)124.4 (95.7--170.4)Osteoprotegerin (ng/ml)191.9 ± 55.6201.0 ± 57.4Alkaline Phosphatase (ng/ml)55.8 (46.2--64.2)56.2 (46.1--70.4)Sclerostin (ng/ml)60.3 (47.6--79.2)60.8 (49.7--76.0)Data are shown as frequencies (%), mean ± standard deviation or median (interquartile range)*BMI* body mass index, *HDL* high density lipoprotein, *eGFR* estimated glomerular filtration, *Hs-CRP* high sensitive C-reactive protein^a^This subcohort included 65 CVD cases

During the median survival time of 11 years, 134 participants experienced a CVD event (77 CHD, 19 stroke, 30 PAD, 8 CHF), of whom 46 fatal. The associations between the individual bone markers and CVD events are shown in Table [2](#Tab2){ref-type="table"}. No association was observed for osteocalcin and osteonectin and CVD risk in the three different models with HR~Q4\ vs\ Q1~ 1.17 (0.70--1.93) and HR~Q4\ vs\ Q1~ 1.16 (0.72--1.88) for osteocalcin and osteonectin respectively. Higher concentrations of plasma osteopontin were associated with an increased CVD risk in the final models \[model 3, HR~Q4\ vs\ Q1~ 2.00 (1.20--3.35)\], which was adjusted for sex, BMI, smoking status, prevalent CVD, hs-CRP, total cholesterol, HDL cholesterol, age at onset of diabetes, HbA1c levels and eGFR. A significant p for trend was observed in all models (p \< 0.05). Similar results were observed when we analyzed osteopontin per 5 ng/ml increase with a HR of 1.11 (1.01--1.21), in the multivariable adjusted model (model 3). No associations were observed between osteoprotegerin \[model 3, HR~Q4\ vs\ Q1~ 1.23 (0.69--2.19)\], alkaline phosphatase \[model 3, HR~Q4\ vs\ Q1~ 1.05 (0.60--1.85)\] and sclerostin \[model 3, HR~Q4\ vs\ Q1~ 0.75 (0.41--1.36)\] and CVD risk. Osteonectin, osteocalcin, and osteopontin were combined to one bone marker-score. Increased levels of this score were associated with an increased CVD risk \[model 3, HR~Q4\ vs\ Q1~ 1.66 (1.03--2.62)\].Table 2The HR for each individual bone marker and the effect on CVDQ1Q2Q3Q4P~trend~ContinuousOsteocalcin (Median, ng/ml)14.2219.6825.4534.75 Events33/6841/8029/6731/73Per 5 ng/ml Model 1Ref0.91 (0.58--1.42)0.74 (0.44--1.25)0.83 (0.51--1.35)0.401.01 (0.98--1.02) Model 2Ref0.90 (0.59--1.47)0.94 (0.55--1.60)1.10 (0.67--1.81)0.641.01 (0.99--1.02) Model 3Ref0.83 (0.51--1.36)0.92 (0.53--1.59)1.17 (0.70--1.93)0.431.01 (1.00--1.03)Osteopontin (Median, ng/ml)8.8411.6613.7818.72 Events23/6331/7036/7444/81Per 5 ng/ml Model 1Ref1.18 (0.70--1.97)1.51 (0.89--2.56)1.70 (1.03--2.78)0.021.08 (0.97--1.20) Model 2Ref1.34 (0.78--2.33)1.79 (1.06--3.02)1.76 (1.08--2.88)0.021.08 (0.98--1.20) Model 3Ref1.36 (0.76--2.44)1.66 (0.95--2.89)2.00 (1.20--3.35)\< 0.011.11 (1.01--1.21)Osteonectin (Median, ng/ml)71.78103.40127.9195.6 Events29/7023/6541/7541/78Per 10 ng/ml Model 1Ref0.83 (0.48--1.44)1.63 (1.02--2.60)1.39 (0.85--2.20)0.081.02 (1.00--1.03) Model 2Ref0.77 (0.44--1.32)1.32 (0.82--2.14)1.16 (0.72--1.88)0.301.02 (1.00--1.04) Model 3Ref0.74 (0.43--1.27)1.25 (0.76--2.05)1.16 (0.72--1.88)0.301.02 (1.00--1.04)Osteoprotegerin (Median, ng/ml)134.4168.3199.0256.6 Events30/6928/6932/7344/77Per 10 ng/ml Model 1Ref0.88 (0.53--1.46)0.91 (0.56--1.46)1.51 (0.91--2.52)0.071.03 (1.00--1.06) Model 2Ref0.82 (0.50--1.36)0.87 (0.53--1.44)1.13 (0.65--1.98)0.461.01 (0.98--1.04) Model 3Ref0.88 (0.52--1.47)0.84 (0.49--1.45)1.23 (0.69--2.19)0.351.01 (0.98--1.05)Alkaline phosphatase (Median, ng/ml)42.051.3959.774.4 Events35/6831/7325/6843/79Per 10 ng/ml Model 1Ref0.79 (0.49--1.29)0.67 (0.40--1.14)1.13 (0.71--1.79)0.521.07 (0.94--1.21) Model 2Ref0.74 (0.45--1.22)0.67 (0.39--1.16)1.03 (0.61--1.73)0.641.02 (0.89--1.18) Model 3Ref0.79 (0.47--1.35)0.68 (0.39--1.17)1.05 (0.60--1.85)0.661.03 (0.89--1.19)Sclerostin (Median, ng/ml)40.6553.667.893.6 Events29/6535/7342/7928/71Per 10 ng/ml Model 1Ref1.07 (0.65--1.78)1.18 (0.74--1.89)0.83 (0.49--1.40)0.420.99 (0.97--1.02) Model 2Ref1.05 (0.64--1.73)1.04 (0.64--1.67)0.76 (0.44--1.32)0.270.99 (0.96--1.02) Model 3Ref1.15 (0.68--1.93)1.07 (0.65--1.75)0.75 (0.41--1.36)0.240.99 (0.96--1.02)Model 1: Adjusted of sex (age is the underlying time scale)Model 2: Additionally adjusted for BMI, smoking status, prevalent CVD, hs-CRP, total cholesterol and HDL cholesterolModel 3: Additionally adjusted for age at onset of diabetes, HbA1c levels and eGFR

Sensitivity analyses {#Sec10}
--------------------

The associations between the different bone markers and CHD incidence (n = 77) and CVD mortality (n = 46) were similar to those with CVD incidence. The hazard ratio (model 3) for the association between osteopontin and CHD and CVD mortality was HR~per\ 5\ ng/ml~ 1.11 (0.97--1.28) and HR~per\ 5\ ng/ml~ 1.13 (0.95--1.33) for CHD incidence and CVD mortality respectively. Excluding participants with a prior CVD event resulted in 237 participants for analyses in whom 94 CVD events occurred during follow up, whereof 45 events occurred in the subcohort. The Hazard Ratio slightly dropped to unity, and no significant association was observed \[HR~per\ 5\ ng/ml~ 1.08 (0.97--1.19)\]. The associations of the other bone markers and CVD events remained similar. No significant interaction was present between any bone markers and sex.

Discussion {#Sec11}
==========

The aim of this study was to assess the association between multiple bone markers and CVD risk in patients with type 2 diabetes. We did not observe any consistent associations for bone markers and risk of CVD. Only elevated osteopontin levels were associated with higher CVD risk.

To the best of our knowledge, our study is the first prospective cohort study investigating associations between a variety of bone markers and CVD risk in patients with type 2 diabetes. Nevertheless, some limitations need to be addressed. This study was underpowered to explore the association between these multiple bone markers and specific CVD endpoints such as stroke, PAD and CHF. The sensitivity analyses focusing on CVD mortality, CHD events and in participants without a prior CVD events seem to be underpowered. Additionally, including data on vascular calcification, like coronary artery calcium score, would provide more insights on the underlying mechanism of the association between bone markers and CVD risk.

We hypothesized that multiple bone markers were associated with CVD risk in patients with type 2 diabetes; however, we did not detect an association between these bone markers and CVD risk, except for osteopontin. The available literature is limited and inconsistent, especially cohort studies including diabetes patients are lacking. The evidence linking osteocalcin to CVD events showed contradicting results, showing an inverse association \[[@CR11]\], null result \[[@CR10]\] and positive association \[[@CR9], [@CR11]\]. Those studies reporting an association between osteocalcin and CVD risk, only detected an association in elderly (\> 70 year); however, these associations were in opposite directions \[[@CR9], [@CR11]\]. Additionally, one previous study indicated that osteocalcin may be a marker of vascular disease in patients with type 1 diabetes \[[@CR30]\]. Osteonectin was detected in atherosclerotic plaques, but cohort studies focusing on osteonectin and incident CVD risk are lacking, although one study suggested that osteonectin may predict CVD events \[[@CR14]\]. The bone markers-score, including osteocalcin, osteonectin and osteopontin, was associated with CVD incidence, but this is mainly driven by osteopontin.

Based on previous meta-analyses, we mainly expected to find an association between osteoprotegerin, alkaline phosphatase and CVD risk \[[@CR17], [@CR31]\]. A recent meta-analysis showed that elevated osteoprotegerin concentration was associated with increased CVD risk in the general population \[[@CR31]\]. Another study showed increased osteoprotegerin levels in patients with PAD compared to patients without PAD in participants with type 2 diabetes \[[@CR32]\]. We did not detect an association between osteoprotegerin and CVD risk, but we were not able to investigate PAD incidence separately. The meta-analysis focusing on alkaline phosphatase included four prospective studies \[[@CR33]--[@CR36]\], of which two studies found an increased CVD risk \[[@CR34], [@CR36]\]. These studies focused on CVD risk in men \[[@CR34]\] and stroke incidence \[[@CR36]\] and found relative risks comparable to this present study, but the previous studies found significant associations. However, two other large scale prospective studies, focusing on stroke incidence and CVD mortality, did not find any association \[[@CR33], [@CR35]\]. The previous cohort studies investigating the association between alkaline phosphatase and CVD risk were all large-scale studies, and our study could be underpowered to detect an association \[[@CR33]--[@CR36]\].

Sclerostin levels increases with the progression of kidney disease, and is potent inhibitor of bone formation, and therefore suggested to reduce vascular calcification \[[@CR22]\]. Sclerostin is only studied in patients with chronic kidney disease, and the cohort studies showed conflicting results which could be explained by small sample sizes and heterogeneity of the study population \[[@CR22]\]. This study did not detect an association between sclerostin and CVD incidence in patients with type 2 diabetes; however, additional research is necessary to confirm this null result.

The current study is the first prospective study addressing the association between osteopontin and CVD events in patients with type 2 diabetes, and showed that higher osteopontin levels were associated with an increased CVD risk. This association is opposite to what is expected based on osteopontin's function as an inhibitor of calcification. No significant association was present when investigating CHD specific incidence and CVD mortality, and suggests a lack of power (CHD incidence, n = 77, fatal CVD n = 46). Excluding participants with a prior CVD event resulted in a lower, non-significant HR, which also could be a power issue (CVD incidence, n = 94) or osteopontin might be upregulated due to calcification. Multiple studies suggested that osteopontin levels are elevated because of atherosclerosis \[[@CR37], [@CR38]\]. A study using coronary angiography showed that osteopontin levels were indeed associated with the presence and extent of coronary artery disease \[[@CR38]\]. In line with our study, multiple studies also showed that elevated osteopontin may be a predictor of increased CVD risk in patients with diabetes \[[@CR14]--[@CR16]\], and osteopontin is elevated in heart failure patients \[[@CR39], [@CR40]\]. Furthermore, osteopontin may also be involved in the coronary calcifications process by inhibiting hydroxyapatite formation \[[@CR3]\]. To this end, it has to be elucidated whether osteopontin is a marker of calcification, a protector or an active player in the calcification process; therefore, additional research is necessary to detect osteopontin's role in the process of vascular calcification.

Conclusion {#Sec12}
==========

No consistent associations were found for bone markers and risk of CVD in type 2 diabetes patients. Only higher osteopontin concentrations were associated with an increased CVD risk in type 2 diabetes patients. This association attenuated to the null after exclusion of the patients with a prior CVD event.
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